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What is a
« bacteriophage » ?

 Suffix —phage, phagos ¢ayeiv (phagein), "to eat”,
“to devour™"

* Viruses that infect ONLY bacteria
 Classification (myoviridae, podoviridae, etc...)
* Aphage is specific to A type of bacteria

« Largely abundant in the biosphere:
1031 bacteriophages on the planet, more than
every other organism

« Especially in marine environment, sea, lake,
backwater, soil, animal and human stools, etc.
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Only lytic phages have to be used

S. aureus being lysed
by the Sa2 phage

Bacterial DNA
appeared in green

Courtesy Pascal Maguin
Luciano Marraffini Lab
THE ROCKEFELLER UNIVERSITY




Phages have antibiofilm activity
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Phages have antibiofilm activity
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Only purified lytic
phages have to be used
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Only purified lytic
phages have to be used

Merabishvili et al.
PloS ONE 2009

PH%GOMED

HCL
i L e

() PHERECYDES

Etc.
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Ferry et al. OFID 2018

Costly (= 1M€)
Take time (years)




Bone and joint infections

Post-trauma Chronic Spinal infection
long-bone prosthetic-joint with abscess and

osteomyelitis Infection bone destruction
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surgery surgery Surgery
(debridement & reconstruction)  (prosthesis explantation) (debridement & stabilization)
Antibiotics Antibiotics Antibiotics



Clinical case #1

54-year-old man
Trauma with open fracture

Post-trauma tibial S. aureus
osteomyvelitis

Surgical debridement
Antibiotics
Failure

Management in Georgia for
receiving phage therapy
bacteriophages 10 years ago

Failure
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Clinical case #1

YBVY Sclerotic bone with biofilm
Trau requiring surgery

Post-t

Skin and soft tissue damage "
osteo

requiring surgical coverage . = 58
Surgiqp i

1 MAJOR BIOLOGICAL LIMIT: |
Antibic

Bacteriophages

Failuré .

have not the ability to:
Manad  perform bone debridement |
FECEIV]  regenerate skin and soft tissue |
baCte J T T J Y C @4 W ) w R i

Failure



Doecteur André RAIGA

Ancien Interre lauvéat des Hopitaux
Ex-Chef de Clinique chivuygicale d la Facullé

At the stage of bone necrosis, it will only succeed in
stopping the progression of the infection, but it will be able to do
nothing against the dead bone deprived of circulation; this bone
will become sequestered and the lesion is no longer a matter of
surgery. To do otherwise is to commit, in my opinion, an error of
therapeutic indication.

Au stade de nécrose osseuse, 1l ne
réussira plus qu'a cnrayer la progression de l'in-
fection, mais il ne pourra plus rien contre I'os que
Ja mort a privé de circulation ; cet os va se seques-
trer et la lésion ne reléve plus maintenant que de
la chirurgic. Agir autrement c’est commettre, a
mon scns, une erreur d'indication thérapeu-

tique. 1961
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At the stage of bone necrosis, it will only succeed in
stopping the progression of the infection, but it will be able to do
nothing against the dead bone deprived of circulation; this bone
will become sequestered and the lesion is no longer a matter of
surgery. To do otherwise is to commit, in my opinion, an error of
therapeutic indication.

Au stade de nécrose osseuse, 1l ne
réussira plus qu'a cnrayer la progression de l'in-
fection, mais il ne pourra plus rien contre I'os que
la mort a prive de circulation ; cet os va se seques-
trer et la lésion ne reléve plus maintenant gue de
la chirurgie. Agir autrement c’est commettre, a
mon  scns, une erreur d'indication thérapeu-

tique.
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Bone and joint infections

Post-trauma Chronic Spinal infection
long-bone prosthetic-joint with abscess and

osteomyelitis Infection bone destruction
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Clinical case #2

80-year-old man

Relapsing S. aureus prosthetic
left knee infection (past revision)

Failure

Complex orthopaedic situation
with past femoral fracture

Impossible to walk (painful knee)
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Efficacy and tolerability of a cocktail of bacteriophages to
treat burn wounds infected by Pseudomonas aeruginosa
(PhagoBurn): a randomised, controlled, double-blind
phase 1/2 trial

Patrick Jault, Thomas Leclerc, Serge |
Ronan Le Floch, Jean Vivien Schaal, C
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60

stained reduction in bacterial burden (%)

- lime to observe reduction
aplan-Meier analysis of median time
highest daily bacterial burden compared with day 0. HR=hazard ratio. PP1131=cocktail of 12 natural lytic

anti-Pseudomonas aeruginosa bacteriophages. Lancet Infect Dis 2018
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“Debridement And Implant
RIOAC Retention” (DAIR)
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Ferry T. et al. 2020 :' frontiers
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One shot peroperative phage
application after “DAIR”




Clinical case #2

Post-operative antibiotics:
Daptomycin + Rifampin

At day 4 (only MSSA in all
Intraoperative samples):

Levofloxacin + Rifampin

Then:

Cefalexin as suppressive
antimicrobial therapy




“The bacteriophages saved my life, he
Insists. | never thought one day to walk
again. And to say that doctors were talking
about cutting my leg off!” R.N.

L RIOAC
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Implementation of a Phage Therapy Center in a CRIOAC
250 km PHAGELYON

)f CroAc @
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FERRY T. et al. In press
NUMBERO! 2017 | 2018 | 2019 | 2020
patients
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CRIOAc Lyon 318
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For whom phage 4 2 8 7 21
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@OBJI @O Endocarditis @O Pneumonia



Implementation of a Phage Therapy Center in a CRIOAC
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+ 3 patients managed outside Lyon
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Phagogram
Selection of active bacteriophages

¥

Active GMP

S. aureus Bactériophages

Phage A Phage B Phage C
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Bone and joint infections

Post-trauma Chronic Spinal infection
long-bone prosthetic-joint with abscess and

osteomyelitis Infection bone destruction

coucHE o =
b

Clinical trial
B PhagoDAIR
Antibiotics Janvier 2022 Antibiotics

Surgery

ebridement & stabilization)

Surgery

(debridement & reconstructio



Clinical case #3

7/4-year-old man
Melanoma treated with anti-PD1

Catheter-related P. aeruginosa
bacteriemia in January 2018

Spinal pain summer 2018

Spondylodiscitis with spinal
abscess

Pandrug-resistant P. aeruginosa
In culture!




Clinical case #3

7/4-year-old man
Melanoma treated with anti-PD1

Catheter-related P. aeruginosa
bacteriemia in January 2018

Spinal pain summer 2018

Spondylodiscitis with spinal
abscess

Pandrug-resistant P. aeruginosa
In culture!

g PHERECYDES

Ticarcilline + Ac. Clav
Pipéracilline
Pipéracilline + Tazobactam
Ceftazidime
Céfépime

Aztréonam
Imipénéme
Meropeneme
Gentamicine
Tobramycine
Amikacine
Ciprofloxacine
Lévofloxacine
Cotrimoxazole

Colistine
Colistine (Etest)

Ceftolozane-tazobactam (Etest)

paaludbgctam (Etest)

The strain was also spontaneously
resistant to bacteriophages !!!

Pseudomenas aeruginosa
CMI (mg/i)
R (> 64)
R (> 64)
R (> 64)
R (> 32)
R (> 32)
R (> 32)
R (> 8)
R (> 8)
R (> 8)
R (> 8)
R (> 32)
R(>2)
R(>4)
R

s@8 — R
S
E-test:1|:> R

R
E-test : > 256

R
E-test : 64




Potential European academic collaborations
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Under the supervision of

Potential European academic collaborations QN5
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Personalized production and administration of bacteriophages: lessons
learned from a unigue European academic collaboration to treat a patient
with pandrug-resistant spinal P. aeruginosa infection

30th

Paris, France
18 -21 April 2020

Phagogram (spot test)

Under the supervision of

ans(Mm

tl I d e< rité du médicament
mdnpad

French Health Authorlty

Electronic microscopy

phenotype o

Conclusions: Personalized phage therapy is a potential adjunct treatment for patients
with complex BJI due to pandrug-resistant bacteria. In addition to industrial phages
under development, academic collaborative research is crucial to develop
personalized phage therapy.
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Conclusions: Personalized phage therapy is a potential adjunct treatment for patients
with complex BJI due to pandrug-resistant bacteria. In addition to industrial phages
under development, academic collaborative research is crucial to develop
personalized phage therapy.



Bone and joint infections

Post-trauma Chronic
long-bone prosthetic-joint

osteomyelitis Infection
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surgery surgery
(debridement & reconstruction)  (prosthesis explantation)
Antibiotics Antibiotics

Spinal infection
with abscess and
bone destruction

Surgery
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Antibiotics



‘Debridement And Implant Retention’ (DAIR) with local administration of
personalized cocktail of bacteriophages (PhagoDAIR) followed by
suppressive antibiotherapy as salvage therapy in patients with relapsing
prosthetic knee infection
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Phagogram (Killing assay)

PHERECYDES
PHARMA

i RN AJ. : A‘
= 4 Arthroscopic DAIR

>

Left PKI with purulent |
joint effusion

Favorable outcome at 1 year

Conclusions: Personalized bacteriophage therapy has the potential to be used as
salvage therapy during DAIR in patients with relapsing S. aureus and P. aeruginosa
prosthetic knee infection, to improve the efficacy of suppressive antibiotics, and to
avoid considerable loss of function.



Ultrasound qguided local administration of personalized cocktail of
bacteriophages followed by suppressive antibiotherapy as salvage
therapy in patients with relapsing total femur prosthesis infection

30th

D ; — Paris, France
. | Killing assay — 18 -21 April 2020
E o0& | Phagogram ¥
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«=@==No phage
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LYON

Conclusions: Ultrasound-guided local administration of personalized cocktail of
GMP bacteriophages followed by suppressive antibiotherapy in patients with relapsing
total femur PJI has the potential to be used as salvage therapy to control the
infection and avoid disarticulation. Dramatic superinfection could be diagnosed at the
time of phage administration.



The Potential Innovative Use of
Bacteriophages Within the DAC®

Hydrogel to Treat Patients With Knee %5

Megaprosthesis Infection Requiring
“Debridement Antibiotics and

Implant Retention” and Soft Tissue & .o

Coverage as Salvage Therapy

Tristan Ferry2>%, Cécile Batailler>>®, Charlotte Petitjean®, Joseph Chateau’,
Cindy Fevre®, Emmanuel Forestier®?, Sophie Brosset’, Gilles Leboucher?,
Camille Kolenda?>*1°, Frédéric Laurent?>*'° and

Sébastien Lustig?®° on behalf of the Lyon BJI Study Group
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Intravenous administration of personalized cocktail of bacteriophages as
salvage therapy in combination with ceftazidime/avibactam in patients
with relapsing P. aeruginosa bacteremia: Lesson learned from two cases
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01 2 3 456 7 8 9101112
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Conclusions: The type of filter used for the magistral preparation and the duration
of the perfusion influenced the phage titer, as the titer in the patient’s blood.
Personalized GMP bacteriophage therapy has the potential to be used as salvage
therapy of P. aeruginosa intravascular implant infections.
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Where to find phages for clinical use?
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* Phage community
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Where to find phages for clinical use?
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There is areal place for phage therapy to maximize
clinical success in complex bacterial infections

Need to identify relevant clinical indications

Expertise of referral clinical centers
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